Interference phenomena in the decay D 
I. INTRODUCTION
A threshold phenomenon known as the the mixing of a 0 0 (980) and f 0 (980) resonances appreciably breaks the isotopic invariance, since the effect is proportional to 2(M K 0 − M K + )/M K 0 ≈ 0.13 in the modulus of the amplitude [1] ; see also Ref. [2] . This effect appears as the narrow (with the width of about 2(M K 0 − M K + ) ≈ 8 MeV) resonant peak between the K + K − and K (980) − f 0 (980) mixing and estimating the effects related with this phenomenon; the detailed list of references may be found, for example, in Ref. [3] .
Recently, this phenomenon has been discovered experimentally and studied with the help of detectors VES in Protvino in π − N collisions [4, 5] and BESIII in Beijing in J/ψ decays [6] [7] [8] . As a result it has become clear [3, 9, 10] that the similar isospin breaking effect can appear not only due to the a 0 0 (980) − f 0 (980) mixing, but also due to any mechanism of the production of the KK pairs with the definite isospin in the S wave, X → KK → f 0 (980)/a 0 0 (980) [11] . Thus, a new tool emerged to study the production mechanism and nature of light scalars.
In the present work, we discuss, for the first, time the possibility of the a Figure 1 shows the BaBar data [15] on the S-wave mass spectrum of the
Its shape, as well as the shape of the S-wave π 16] , is approximated by the f 0 (980) resonance contribution (see Figs. 1 and 2 , and Ref.
[17]).
The solid curves in Figs. 1 and 2 are proportional to the modulus squared of the f 0 (980) resonance propagator, i.e., |S 
This value and its accuracy require further careful study (see discussions of the assumptions made by BaBar [15] and CLEO [19] with the treatment of the initial data). In fact, in the original BaBar [15] and CLEO [19] analyses a possible presence of the a 0 0 (980) resonance has been neglected so that the number given in Eq. 
The data correspond to the modulus squared of the transition amplitude without the phase space factor of the
The dotted vertical lines show the locations of the K + K − and K 0K 0 thresholds. The solid curve corresponds to the f0(980) resonance contribution described in the text. 
The relevant amplitude of the transition D 
Let us denote the D
, respectively. For the description of their dependence on the mass variables, we use the following expressions:
where s = m 
where ǫ ρ + is the polarization four-vector of the ρ 
, is given by
Each invariant amplitude C D 
The s-u and s-t Monte Carlo Dalitz plot distributions for this case are shown in (c) and (d), respectively. Plots (e) and (f) show the ηπ 0 mass spectra in the region of the K + K − and K 0K 0 thresholds for four variants of the interference between the amplitudes D 
The sharp peak with the width of about 2(m K 0 − m K + ) ≈ 8 MeV in Fig. 3(a) (2) and (3)]. This is large for the isospin breaking contribution which, at the first sight, could be naturally expected to have the magnitude at the level of 
Using the data from Eqs. • , ±90
• , and 180
• (respectively, ξ = 1, ±i, and −1). The short and long dashed curves in Fig.  3(e) show the ηπ 0 mass spectra for ξ = 1 and ξ = −1, respectively. The dotted curve in this figure shows the contribution from the amplitude A ηρ + only, and the solid curve corresponds to the above case of the incoherent sum of two mechanisms. The solid and dotted curves in Fig. 3(f) show the same as in Fig. 3(e) , and the short and long dash curves illustrate the interference patterns corresponding to ξ = i and ξ = −i, respectively.
Note that the interference of A f0a 0 0 with the other contributions will be practically always essential (see Figs 
1%. This estimate consists with the initial dominance of the f 0 (980) resonance in the decay D
(1) and the discussion after it, and also Ref. [22] ).
Thus, we have three interfering mechanisms of the decay D + s → ηπ 0 π + . The corresponding decay amplitude is
where the amplitude A a0π describes the transition D (5)], the amplitude A a0π has to be antisymmetric with respect to permutation of the s and t variables [23] . Taking this into account, we approximate the amplitude A a0π by the following expression
where the production amplitude C D + s a 0 0 π + = a 3 e iϕ3 is assumed to be the s-and t-independent complex constant. Note that any coherent sum of the amplitudes A ηρ + and A a0π gives the symmetric distribution of the ηπ 0 π + events in the s − t Dalitz plot relative to the t = s line. The isospin-breaking amplitude Figs. 4(a) and 4(c) show the ηπ 0 mass spectra,
calculated with the use of Eqs. (5), (6), (11) (14) and (16) 
where Γ ρ (u) = (m Π a 0 0 f0 (s) =
where s (the square of the invariant virtual mass of scalar resonances) ≥ 4m 
